Electrophoretic analyses of esterases and superoxide dismutase activities of serum, kidney and liver were carried out in ddY mice and six strains of inbred house mice, BALB/c, C3H/He, DBA/2, B10A, B10, C57 BL/6. Sexual dimorphism of esterase activities was observed in serum and kidney but not in the liver, whereas superoxide dismutase (SOD) activities in serum, kidney and liver were not apparently sex-dependent. Serum esterase isozyme patterns among the six strains of inbred house mice showed four different types of banding, namely, BALB/c and C3H/ He; B10A and B10; and DBA/2 and C57 BL/6. The patterns of serum esterase in B10A and B10 mice were converted from male type to female type for 2 weeks and 4 weeks following castration, however the male phenotype was restored by administration of testosterone but not of saline.
such as nerve growth factor (NGF), epidermal growth factor (EGF), renin and trypsin-like proteases, are synthesized and stored in GCT cells. And these biologically active factors show androgen-dependence. 5) These sex hormone-dependent enzymes are useful for analyzing the effect of sex-hormone to mice. In the present paper, we describe sexual dimorphisms of enzymatic activities in different tissues from different strains of mice. A different responsiveness to testosterone of trypsin-like proteases and of esterase in serum and kidney was found in the congenic mice.
MATERIALS AND METHOD
Animals ddY strain mice and six strains of inbred mice, BALB/C, B10A, B10, DBA/2, C57BL/6, C3H/He, were used in this study. All of the mice were kept of darkness) room. Lab chow and water were supplied ad libitum.
Castration of the male mice were carried out under sodium anaesthesia (0.01mg/g B.W.i.p.) at 6 week of age. One group of the castrated male mice were injected with testosterone (0.5mg/30g B.W./2 day i.p.). Control mice were injected with saline (0.25ml/30g B.W./2 day i.p.). Preparation of tissue extracts The mice were sacrificed by cervical dislocation. The kidneys, liver and submaxillary glands were removed, and washed in ice cold saline to remove traces of blood. The organs were blotted dry and weighed, and were homogenized in 9 volumes (submaxillary glands) or in 4 volumes (kidneys and nizers and centrifuged twice at 16,000g for 30 min. The supernatants were used immediately for determination of enzyme activity and protein contents, and for electrophoretic analysis.
Serum preparation
Blood was collected from the suborbital canthal sinus of the mice and was centrifuged, at 3,000rpm for 10min to provide serum, which was used im- The electrophoretic gels were rinsed for 10min in 20ml phosphate buffer containing 0.1% nitro blue tetrazolium (NBT) and 50mM phosphate buffer (pH7.8).
The gels were transferred into 50ml TEMED solution containing 0.32% of tetramethylethylenediamine (TEMED), 0.0002% riboflavin and 50mM phosphate buffer (pH7.8) and shaken under fluorescent radiation for 15 to 40min until the dark purple color appeared on the gels. SOD activities were revealed as clear zones on a purple background. Spectrophotometric assay for trypsin like protease activity Trypsin like protease activity in submaxillary glands was measured by the method of Taie and Ogita.10) 0.5ml of the tissue extract was incu-solution containing 1mM BAPNA, 2% of dimethylsulfoxide and 50mM phosphate buffer (pH7.6). The reaction was stopped by the addition of 0.5ml of 20% perchloric acid. Thereafter the mixture was centrifuged at 3,000g for 30min at room temperature. 1ml of the supernatant was mixed with 1ml of precooled 0.2% sodium nitrite solution and kept in an ice bath for 10min. 1ml of 0.5% ammonium sulfamate solution was added to the solution to destroy the excess sodium nitrite. 2ml of 0.05% N-1-naphthylethylenediamine dihydrochloride solution was added and incubated at room temperature for 30min. The isozymes were separated by 8% polyacrylamide gel electrophoresis and the enzyme activities were visualized by specific staining techniques.
The serum and kidney esterases showed sexual differences i.e. the esterase activities were higher in MSE bands (serum) and MKE bands (kidney) in male mice and in FSE (serum) and FKE (kidney) bands in female mice. The liver esterases and SODs showed no detectable sexual difference. All mice commenced at day 0 at 6 weeks of age. A. 1, 2, male mice at 2 weeks; 3, 4, castrated male mice at 2 weeks; 5, 6, female mice at 2 weeks. B. 1, 2, castrated male mice (4 weeks) injected saline for 2 weeks; 3, 4, castrated male mice (4 weeks) injected testosterone propionate for 2 weeks. The kidney esterase activities of castrated male mice were partially changed to the female pattern within 2 weeks, and were restored to the male pattern following testosterone administration for 2 weeks. Saline administration exhibited no detectable change in activity. Table 1 . Enzymatic activity changes indicating sexual dimorphism of serum esterases of B10A and B10 mice (%).
All mice commenced day 0 at 6 weeks of age. M2: male mice at 2 weeks, M4: male mice at 4 weeks, C2: male mice castrated for 2 weeks, C4: male mice castrated for 4 weeks, F2: female mice at 2 weeks, F4: female mice at 4 weeks, C+S: castrated male mice injected saline for 2 weeks, C+T: castrated male mice injected testosterone propionate for 2 weeks. An esterase activity designated as 100% of the male mouse activity. *p<0.05, **p<0.01.
serum, kidney and liver were all sex-independent and no differences were observed between male and female mice. Serum esterase isozyme activities in a group of inbred house mice, BALB/c, C3H/He, DBA/2, B10 A, B10, C57BL/6, all showed sexual dimorphism, although there were slight differences in the patterns of mouse strains (Fig. 2) .
As shown in Fig. 3 and Table 1 , the serum esterase activities in B10A and B10 mice also showed differences between the sexes since male mice exhibited higher levels of esterase activity. Zones designated as MSE I, MSE IIa, IIb and III female mice, however, showed higher activity of esterase, designated as FSE. Two weeks after castration, the male pattern of esterase activities in the zymogram was modified to similar pattern of the female in that the enzymatic activities of MSE I, IIa, IIb and III were all reduced and the activities in the FES band were increased. Moreover, serum esterase activities in castrated mice were maintained at the same low value for another 2 weeks. Four weeks after castration mice were administrated testosterone and the serum esterase activities were restored to normal male patterns within 2 weeks, while saline had no such effect.
The time course of esterase activity changes was also examined in kidneys of castrated male mice (Fig. 4 , Table 2 ). The patterns of dimorphism of esterase activities in B10A and in B10 mice were the same as those of ddY strain mice. Two weeks after castration, esterase activities designated as zones MKE I and MKE IIa were markedly reduced while the activities of the FKE zone was significantly increased, similar to that as those observed in female mice. The activity in the MKE IIc zone was also reduced compared to that of untreated male but remained higher than that of female mice, whereas activity in the MKE IIb zone remained unchanged from the male pattern. The zymogram patterns remained unchanged for another 2 weeks. Following administration of testosterone to the 4 week castrated male mice, however, the esterase activities in zones MKE I, MKE IIa, IIc and FKE were restored to the male patterns within 2 weeks, whereas saline showed no effect on those esterase activities. The trypsin like protease activities in submaxillary glands also showed sexual dimorphism in B10 mice, indicating higher activities in male and lower activities in female mice (Fig. 5) . Two weeks after castration, the protease activities were markedly reduced. Four weeks after castration, the protease activities were further reduced (p<0.01) but were Table 2 . Enzymatic activity changes indicating sexual dimorphism of kidney esterases of B10A and B10 mice (%).
still higher than those of the female mice. By addition of testosterone to the castrated male mice, the protease activities were restored to the normal male level, whereas saline had no such effect. The manifestation of sexual dimorphism in protease activities of B10A strain mice was similar to that observed in B10 mice. However no significant difference of protease activities were observed between castrated male mice at 2 and 4 weeks and also none was found between administration of testosterone and saline to the mice at 4 weeks. The serum esterase activities from six strains of inbred house mice, BALB/c, C3H/He, DBA/2, B10 A, B10, and C57BL/6, were analyzed in these experiments. The patterns of esterase activities in these strains were found to be of four types (Fig. 2) . BALB/c and C3H/He mice showed similar patterns of esterase activities, which are distinctive from that shown for B10A and B10 mice.
DISCUSSION
It is well known that some biologically active factors in mouse submaxillary glands, such as NGF, EGF, renin and esteroproteases, are androgendependent. The activities of these factors in male mice may be reduced by castration, and restored by the administration of testosterone. The androgendependent effect is mainly exerted on granular convoluted tubule (GCT) cells in submaxillary glands, which are responsible for the synthesis, storage and secretion of those proteins. In the present paper, we have reported that esterase activities and isozyme patterns in serum and kidneys in ddY, B10A, B10 and other inbred house mice were also androgen-dependent. The esterase activities in serum were higher in male ddY mice than in MSE (I, II a, IIb, III) activity zones, and the esterase activities of kidneys were higher in MKE (I, IIa, IIb, IIc) zones. In contrast, the esterase activities of female ddY mice were higher only in FSE (serum), or FKE (kidneys) zones, and esterase activities in the liver extracts did not show any apparent sexual differences. Superoxide dismutase activities in serum, kidneys and liver also did not show any apparent sexual differences. The physiological significance of these phenomena is unknown.
For the time course of sex related enzyme changes, esterase isozymes in serum of B10A and B10 mice were changed from the male pattern to and B10 strain mice.
All mice commenced day 0 at 6 weeks of age. M2: male mice at 2 weeks, M4: male mice at 4 weeks, C2: male mice castrated for 2 weeks, C4: male mice castrated for 4 weeks, F2: female mice at 2 weeks, F4: female mice at 4 weeks, C+S: castrated male mice injected saline for 2 weeks, C+T: castrated male mice injected testosterone propionate for 2 weeks. Protease activities in castrated B10 male mice were partially changed to the female activity pattern at 2 weeks and 4 weeks, and were restored completely to the male activity level following administration of testosterone for 2 weeks. Protease activities in castrated B10A male mice were also partially changed to the female pattern of activity in 2 and 4 weeks, but were not restored to the male activity level following administration of testosterone for 2 weeks. Saline showed no apparent effect in both strains of mice. * 
